Introduction {#sec1}
============

Culture plays a significant role in shaping the interplay between the mind, brain and behavior ([@ref6]; [@ref19]). In particular, differences in perception and thinking between East Asians and Western Europeans have been well documented, which have been attributed to differences in social orientation and motivational tendencies ([@ref50]).

Several lines of work also present cultural influence on economic decision making, which involves basic cognitive process, once believed to be invariant across all humans. In particular prior works show that Asians present with a diminished understanding of the range of probabilities in probabilistic decision making ([@ref54]; [@ref56]) and demonstrate lower risk aversion and greater risk taking ([@ref3]; [@ref53]; [@ref14]; [@ref27]). Asian's greater risk taking has been explained in terms of the 'cushion hypothesis' ([@ref53]) grounded on the self-construal theory ([@ref28]), according to which self is considered as fundamentally independent from others in individualistic cultures and to be highly interconnected with other people in collectivistic cultures ([@ref48]; [@ref28]). The 'cushion hypothesis' focuses on the nature of the tight social support in Asian collectivistic society, which makes it easier for people to receive financial help from their social network and in turn makes Asians to be less risk averse.

A few experimental studies and theoretical frameworks suggest possible neural underpinning of cultural differences in risk taking ([@ref46]; [@ref23]; [@ref8]). One study compared the functional magnetic resonance imaging activations of Americans and Koreans during inter-temporal choice (i.e. temporal discounting) ([@ref23]). This study found higher discount rate, indicating greater impulsivity, and greater recruitment of ventral striatum in Americans compared to Koreans, which led to the interpretation that emotional responsivity to rewards contributes to the cultural difference in temporal discounting. Although these results are not in line with the majority of other behavioral findings showing greater risk taking in Asians, it demonstrates a clear cross-cultural difference at a neural processing level which leads to the behavior difference. More importantly, such neuroscientific investigations can provide with a unique opportunity to uncover the underlying mental processes that lead to cultural differences in decision making. Decision making involves evaluation of options, implementation of choice and evaluation of outcomes, and some of these mental processing stages happens prior to or after observable choice behavior ([@ref36]) which can be effectively studied by neuroscience approaches. Delineating the cultural differences along the decision making processing stages using these approaches will thus contribute to a mechanistic understanding of how sociocultural factors influence discrete mental processes that shape one's behavior.

The current study investigated the neurocognitive underpinnings of cross-cultural differences in economic decision making, by comparing the choice patterns and the ERPs during a risky decision making task between East Asians and European Americans. We devised the risky gambling task which assesses one's tendency to maximize gains vs. minimize losses, the two well-distinguishable decision strategies that stem from individuals' orientation toward achieving gains and avoiding losses ([@ref51]; [@ref40]; [@ref35]). In our task, the two decision strategies were measured based on one's tendency to bet high or low, when facing a mixed gamble with different probabilities of winning and losing. Specifically, gain maximizing is reflected in a higher tendency to bet high to a winning gamble (e.g. 75% win 25% lose) and loss minimizing is reflected in a higher tendency to bet low to a losing gambling (e.g. 75% lose 25% win). We used the high-temporal resolution of the event-related potential (ERP) technique, in combination with the task, as a way of studying mental processes that unfold during pre-decisional evaluation of decision options and post-decisional processing of decision outcomes.

ERPs provide a unique opportunity to uncover the temporal unfolding of mental processes involved in decision making. In particular, the frontocentral P2 and the parietocentral P3 are two well-established ERPs known to encode expected rewards and risks as well as choice outcomes ([@ref55]; [@ref41]; [@ref17]). The P2 is a relatively early peaking component (\~180 ms), reflecting automatic emotional arousal ([@ref4]; [@ref43]). Thus, its involvement is thought to reflect instantaneous emotional arousal associated with the prospect or the experience of wins or losses ([@ref41]; [@ref17]; [@ref5]). On the other hand, P3 is a later peaking component (\~450 ms) involved in attentional allocation and stimulus-induced memory ([@ref13]; [@ref37]), which is associated with a more effortful assessment of decision options or evaluation of choice outcomes ([@ref55]; [@ref41]; [@ref5]).

In our analysis, we first compared the choice patterns of East Asians and European Americans in terms of their gain maximizing and loss minimizing tendencies. In line with previous work showing greater risk taking in East Asians, we hypothesized that Asians will exhibit greater gain maximization than Americans, whereas Americans will exhibit greater loss minimization than Asians. More crucially, we aimed to characterize the cultural differences in the temporal unfolding of mental processes that lead to the different behavioral manifestations by assessing the P2 and P3 ERP components during the pre-decisional (*cue phase*) and post-decisional (*outcome phase*) stages. We hypothesized that, if culture shapes an individual's automatic processing of arousal associated with the prospect or the experience of winning or losing, cross-cultural differences should be observed at P2. On the other hand, if culture shapes an individual's effortful processing of options or outcomes, cross-cultural differences should be observed at P3. Orthogonal to this dimension was another set of hypotheses concerning the different stages of decision making process. Culture could shape the way individuals evaluate both decision options (at pre-decisional stage) and outcomes (at post-decisional stage), or it could shape only one of the two. Teasing these hypotheses apart should provide a mechanistic understanding of how sociocultural factors influence discrete mental processes involved in economic decision making.

Materials and methods {#sec2}
=====================

Participants {#sec3}
------------

In all, 34 European Americans and 38 East Asians participated in the study. Two Americans and three Asians were excluded due to electroencephalography (EEG) artifact. All analyses were conducted in the remaining sample of 32 Americans (10 males, age: 20.59 ± 2.45 years) and 35 Asians (7 males, age: 20.03 ± 1.40 years). All study participants were right-handed healthy young adults recruited from the University of Massachusetts Amherst, without a history of psychiatric or neurological illness or alcohol/drug dependence. All participants signed a written informed consent approved by the UMass Institutional Review Board and received course credits for participation. In addition to the base rate credit, bonus credits were granted based on their choice during the risky gambling task. All Asians participants were from families with East Asian cultural background, with both parents from East Asian countries (i.e. China, Japan and Korea). The detailed demographics of the East Asian participants are described in [Supplementary Materials](#sup1){ref-type="supplementary-material"}. All Americans have identified themselves as Caucasians that are descents of Western European countries.

Procedure {#sec4}
---------

Participants performed the risky gambling task, while continuous scalp EEG was collected. After the EEG experiment, participants completed survey questionnaires measuring their cultural background including the Self-construal scale ([@ref44]) and the Asian value scale ([@ref22]). These measures were used primarily to confirm the cross-cultural differences in sociocultural orientation, and in fact the results do demonstrate that our American and Asian participants reliably represent the respective cultures (see [Supplementary Materials](#sup1){ref-type="supplementary-material"}). Finally, we assessed participants' explicit attitudes toward gambling via the Gambling Related Cognition Scale ([@ref39]) (for results see [Supplementary Materials](#sup1){ref-type="supplementary-material"}). All experimental procedures including the delivery of task instructions and surveys were performed in English.

Risky gambling task {#sec5}
-------------------

The risky gambling task was adapted from [@ref40]) ([Fig. 1](#f1){ref-type="fig"}). During cue phase, seven different probabilities were shown throughout a total of 500 trials[^1^](#fn1){ref-type="fn"}. The probability conditions can be categorized as likely winning \[*P* (win) \> 0.5\], neutral \[*P* (win) = 0.5\] and likely losing \[*P* (win) \< 0.5\]. During outcome phase, participants were shown one of the four possible outcomes based on their choice: +8, −8, +2 and − 2. Participant's choice could only influence the magnitude of outcome and not the valence of it, which is determined by the presented probability. An optimal strategy would be to bet '8' in the likely winning trials and to bet '2' in the likely losing trials. During the experiment, 500 trials were broken down into 25 blocks with 20 trials in each. The trial types (i.e. probability conditions) were randomly spread out across the blocks. The task lasted \~1 h.

![An example trial structure for the risky gambling task. Participants were presented with a pie-chart (1.5 s), with the area in green indicating the winning and the area in red indicating the losing probabilities (cue phase). After a variable ISI (0.1--0.3 s), the two wager options, '2' and '8' points on a white background, were presented on either side of the screen. The left and right positioning of the wager options was randomized across trials. Participants were asked to choose between the two options within 1.2 s. The choice outcome was revealed after another ISI (0.6--1 s) by a color cue: the chosen wager was presented on the center of the screen on a green background for win or on a red background for loss (outcome phase).](nsaa078f1){#f1}

Due to the binary nature of choice, the outcomes also conveyed information about what would have happened if the alternate choice was made. For example, if wager '8' was chosen and the outcome was +8, this would be evaluated in reference to the alternate outcome +2, a less preferable outcome. On the other hand, if wager '2' was chosen and the outcome was +2, this would be evaluated in reference to the alternate outcome +8, a more preferable outcome. Based on this scheme, the +8 and − 2 reflect the best possible gain and the best possible loss, respectively, and the +2 and − 8 reflect the worst possible gain and the worst possible loss, respectively. After completion of experiment, participants received a bonus credit determined based on a pre-determined threshold[^2^](#fn2){ref-type="fn"}.

Behavioral data analysis {#sec6}
------------------------

We characterized individuals' choices as gain maximization and loss minimization. Gain maximization was computed based on their probability to bet larger (i.e. choose "8″), *P*, on the 'likely winning' trials. These probabilities were expressed on a logit-function scale, *γ* = log (*P*/1-*P*), which allows a better characterization of differences in probability at the low and high ends of the scale ([@ref40]). The more positive *γ* estimate in the *likely winning trials*, thus, indicates higher likelihood to maximize gains (*γ*~gainMax~). Loss minimization was computed based on their probability to bet smaller (i.e. choose "2″), effectively 1-*p*, on the 'likely losing' trials. After a logit transformation using *γ* = log (1-*p*/*p*), the more positive *γ* estimate indicates higher likelihood to minimize losses (*γ*~lossMin~). To avoid *γ* resulting in infinity, *P* of 0.999 and 0.001 were assumed when it was 1 and 0, respectively.

Electroencephalogram recording and analysis {#sec7}
-------------------------------------------

EEG was continuously recorded using 64 scalp electrodes embedded in an extended coverage, triangulated equidistant cap (M10, EasyCap, GmbH), with a low-pass filter of 100 Hz at a sampling rate of 1000 Hz (actiCHamp, Brain Products, GmbH). The electro-oculogram (EOG) was monitored with electrodes below the left eye and lateral to the left and right canthi. Electrode impedances were kept below 15 kΩ. The EEG was amplified with a BrainAmp system (Brain Products GmbH, Gilching, Germany). All channels were referenced to the vertex (Cz) during recording.

Offline EEG data were exported to Matlab using EEGLAB ([@ref11]) and custom scripts. The data were re-referenced to the average of mastoid channels and high-pass filtered by 0.1 Hz. We separated the data into 1200 ms probability cue-locked epoch (cue phase) reflecting pre-decisional stage and 1200 ms outcome-locked epoch (outcome phase) reflecting post-decisional stage, each spanning from 200 ms before to 1000 ms after the onset of the probability cue or the outcomes, respectively. A pre-stimulus period of 200 ms was used as the baseline for all epochs. For each participant, we implemented a procedure for artifact removal using independent component analysis ([@ref11]; [@ref26]; [@ref34]). Single trials were also visually inspected to exclude epochs with excessively noisy EEG or muscle artifacts. Five participants with \>30% rejections were excluded. In the remaining participants, on average \~96.6% of the trials were included.

ERP analysis was focused on P2 and P3 during cue and outcome phases. ERPs were identified in pre-defined channels/regions of interest (ROI) and time windows. [Figure 2](#f2){ref-type="fig"} shows the channel locations for each ROI. The P2 was identified by the brainwaves from FCz and the six immediately neighboring channels ([@ref40]), in the range of 170--210 ms from stimulus onset. The P3 was identified by the brainwaves from Pz and the five immediately neighboring channels ([@ref40]), in the range of 300--700 ms. These time windows were chosen based on previous studies ([@ref38]; [@ref37]; [@ref40]; [@ref42]) and by visual inspection of the grand averaged waveforms across all participants. ERP amplitudes, averaged across all channels within each ROI and across the time window of interest, served as the magnitude of each component.

![Channel locations for the frontocentral (in red) and parietocentral (in green) ROIs.](nsaa078f2){#f2}

Results {#sec8}
=======

Cultural differences in gain maximization and loss minimization {#sec9}
---------------------------------------------------------------

We determined how Americans and Asians differed across the two decision strategies of gain maximization and loss minimization, using a Group (Americans, Asians) × Strategy (*γ*~gainMax~, *γ*~lossMin~) mixed analysis of variance (ANOVA). There was a significant main effect of Strategy (*F*(1,65) = 5.71, *P* = 0.02, *η~p~^2^* = 0.081), a Group by Strategy interaction (*F*(1,65) = 9.59, *P* = 0.003, *η~p~^2^* = 0.13) and a non-significant main effect of Group (*F*(1,65) = 3.30, *P* = 0.074) ([Fig. 3](#f3){ref-type="fig"}). A follow-up *t*-test showed a significantly higher *γ*~lossMin~ in Americans (*M* = 1.88, SD = 0.97) than Asians (*M* = 1.17, SD = 0.90) (*t*(65) = 3.09, *P* = 0.003, Cohen's *d* = 0.76). No such difference was found in *γ*~gainMax~ (*t*(65) = 0.15, *P* = 0.879). These results demonstrate a significant cultural difference in loss minimization such that it is more pronounced in Americans.

![Cross-cultural differences in gain maximization (γ~gainMax~) and loss minimization (γ~lossMin~) scores.](nsaa078f3){#f3}

ERPs during cue phase {#sec10}
---------------------

To determine whether the P2 and P3 ERP components are involved in the processing of different probability cues and to what degree it differs between cultures, we performed a Group (Americans, Asians) × Cue (likely winning, neutral, likely losing) mixed ANOVA.

In P2, there was a significant main effect of Cue (*F*(2,130) = 27.15, *P* \< 0.001, *η~p~^2^* = 0.30), driven by a greater P2 magnitude in the likely wining and likely losing conditions than the neutral condition (both *P*s \< 0.001 with Bonferroni correction; [Fig. 4](#f4){ref-type="fig"}). The difference between likely winning and likely losing conditions were not significant (*P* = 0.591 with Bonferroni correction). The Group main effect (*F*(2,130) = 1.32, *P* = 0.256) and the Group by Cue interaction (*F*(2,130) \< 1, *P* = 0.656) were not significant.

![EEG waveforms time-locked to the presentation of probability cue in European Americans and East Asians. Average waveforms from the frontocentral and the parietocentral ROIs, as well as the topomaps, revealed a reliable presence of the P2 and P3 components. Bar graphs represent the average ERP amplitudes computed from the time window indicated by the yellow shading.](nsaa078f4){#f4}

In P3, there was a significant main effect of Cue (*F*(2,130) = 9.65, *P* \< 0.001, *η~p~^2^* = 0.13), driven by a greater P3 magnitude in the likely winning condition than the likely losing condition (*P* \< 0.001 with Bonferroni correction; [Fig. 4](#f4){ref-type="fig"}). No significant differences were found between the other two pairwise contrasts (both *P*s \> 0.05). There was also a significant Group main effect (*F*(1,65) = 5.53, *P* = 0.022, *η~p~^2^* = 0.08) such that Americans (*M* = 5.12, *SD* = 2.60) showed a significantly higher P3 magnitude compared to Asians (*M* = 3.62, *SD* = 2.60). The Group by Cue interaction was not significant (*F*(2,130) = 0.41, *P* = 0.667).

Modulation of P2 and P3 by the different probability cues suggests that they were both involved in evaluation of the associated risks, with P2 reflecting the degree of uncertainty and P3 reflecting the probability of winning, which are qualitatively identical to what have been previously observed ([@ref5]). The group main effect in P3 may indicate that Americans allocate greater attentional resource in processing of the probability cues in general, regardless of the different risk levels. Importantly, however, these modulatory effects of probability did not interact with culture, suggesting that the two cultural groups varied little in the way they dissociated the different risk levels.

ERPs during outcome phase {#sec11}
-------------------------

Analysis of outcome phase was performed by comparing the ERPs across the worst (+2 for gains and −8 for losses) vs. best (+8 for gains and −2 for losses) and gain vs. loss outcomes and the two cultural groups using a Group (Americans, Asians) x Preference (worst, best) × Valence (gain, loss) mixed ANOVA.

In P2 there was a significant main effect of Preference (*F*(1,65) = 20.61, *P* \< 0.001, *η~p~^2^* = 0.24), Valence (*F*(1,65) = 41.94, *P* \< 0.001, *η~p~^2^* = 0.39), and a Group by Preference by Valence interaction (*F*(1,65) = 9.40, *P* = 0.003, *η~p~^2^* = 0.13). All other effects were not significant (*F*s \< 2.6, *P* \> 0.11). In P3 there was a significant main effect of Preference (*F*(1,65) = 71.18, *P* \< 0.001, *η~p~^2^* = 0.52), a Group by Preference (*F*(1,65) = 4.39, *P* = 0.04, *η~p~^2^* = 0.06), a Preference by Valence (*F*(1,65) = 17.72, *P* \< 0.001, *η~p~^2^* = 0.21), and a Group by Preference by Valence interaction (*F*(1,65) = 5.01, *P* = 0.029, *η~p~^2^* = 0.07). All other effects were not significant (*F*s \< 3.7. *P*s \> 0.06). The three-way interactions in both P2 and P3 were followed up with a Group by Preference ANOVA in gains and losses separately. The ERP contrast between the worst and best outcomes in gains and losses were associated with the behavioral measure of gain maximization and loss minimization, in the previous study ([@ref40]). Therefore, this follow-up test will determine the neural underpinning of cultural difference in the observed choice behavior. For the purpose of directing attention to the separated analysis in gains and losses, we present results of both P2 and P3 from gain outcomes first, followed by those from loss outcomes.

### Gains {#sec12}

In P2, Group by Preference ANOVA showed a significant Group by Preference interaction (*F*(1,63) = 9.42, *P* = 0.003, *η~p~^2^* = 0.13), with a greater difference between the worst and best gains in Asians than Americans ([Fig. 5](#f5){ref-type="fig"}). This interaction in P2 suggests that culture shapes the degree to which individuals are sensitive to the automatic processing of arousal associated with the experience of winning. The main effect of Group (*F*(1,63) \< 1, *P* = 0.468) and the main effect of Preference (*F*(1,63) = 3.91, *P* = 0.052) were not significant. In P3, there was a significant main effect of Preference (*F*(1,63) = 27.90, *P* \< 0.001, *η~p~^2^* = 0.30). Greater P3 magnitude in the worst gain trials (win 2) indicates a greater attentional allocation placed to the worst outcome, which replicates previous findings ([@ref40]). The main effect of Group (*F*(1,63) = 2.49, *P* = 0.119) and the interaction (*F* (1,63) \< 1, *P* = 0.997) were not significant, thus showing no evidence for any modulatory effect of culture on P3 for gains.

![EEG waveforms time-locked to the presentation of the gain outcomes (i.e. '+8' and '+2') in European Americans and East Asians. Average waveforms from the frontocentral and the parietocentral ROIs, as well as the topomaps, revealed a reliable presence of the P2 and P3 components. Bar graphs represent the average ERP amplitudes computed from the time window indicated by the yellow shading.](nsaa078f5){#f5}

### Losses {#sec13}

In P2, Group by Preference ANOVA showed a significant main effect of Preference (*F*(1,63) = 11.99, *P* \< 0.001, *η~p~^2^* = 0.18) ([Fig. 6](#f6){ref-type="fig"}). Greater P2 magnitude in the worst loss trials (−8) indicates a greater automatic arousal in response to the worst outcome, in line with previous findings ([@ref40]). The main effect of Group (*F*(1,63) = 1.12, *P* = 0.294) and the interaction (*F*(1,63) = 3.19, *P* = 0.079) were not significant. In P3, the main effects of Preference (*F*(1,63) = 50.54, *P* \< 0.001, *η~p~^2^* = 0.44) and Group (*F*(1,63) = 4.31, *P* = 0.042, *η~p~^2^* = 0.06) and the interaction (*F*(1,63) = 5.79, *P* = 0.019, *η~p~^2^* = 0.08) were all significant. The difference between the worst and best losses was greater in Americans than Asians. These results suggest that culture shapes the degree to which individuals allocate effortful attention to the experience of losing and that Americans were more sensitive to the difference between the two loss outcomes than Asians.

![EEG waveforms time-locked to the presentation of the loss outcomes (i.e. '−2' and '−8') in European Americans and East Asians. Average waveforms from the frontocentral and the parietocentral ROIs, as well as the topomaps, revealed a reliable presence of the P2 and P3 components. Bar graphs represent the average ERP amplitudes computed from the time window indicated by the yellow shading.](nsaa078f6){#f6}

ERP--behavior correlation {#sec14}
-------------------------

In an effort to provide rationale for the investigation of ERPs for understanding the mechanisms of cultural difference in risky decision making behavior, we tested whether the ERPs during cue and outcome phases have direct contributions to the behavior. Details of the analytical approaches are described in the [Supplementary Materials](#sup1){ref-type="supplementary-material"}.

During cue phase, we found a significantly negative P3-behavior correlation (*r* = −0.44, *P* \< 0.001, [Fig. 7A](#f7){ref-type="fig"}). Individuals with relatively greater attentional bias towards the likely winning vs. losing probability exhibited relatively greater loss minimization than gain maximization. This suggests that the degree to which P3 attentional mechanisms dissociate the winning and losing probabilities, predicts the behavioral tendency of loss aversion.

![Brain--behavior correlations between the ERP components and decision strategies used. During cue phase, there was a significant negative correlation between the P3 contrast 'likely winning \> likely losing' and the behavior contrast 'γ~gainMax~ \> γ~lossMin~' in the total sample. This relation held within Asians (*r* = −0.52, *P* = 0.001) and within Americans (*r* = −0.37, *P* = 0.040) separately (A). During outcome phase in which we looked at the relationship between the ERP contrasts 'worst \> best' outcomes and the decision strategy, there was a significant positive correlation between the P2 contrast '−8 \> −2' and γ~lossMin~ (B) and between the P3 contrast '−8 \> −2' and γ~lossMin~ (C) in the total sample. The relationship held for both P2 (*r* = 0.34, *P* = 0.049) and P3 (*r* = 0.53, *P* = 0.001) within Asians and held for P3 (*r* = 0.43, *P* = 0.013) but not P2 within Americans (*r* = 0.28, *P* = 0.127). Additionally, there was a significant positive correlation between the P3 contrast '+8 \> +2' and γ~gainMax~ (D). The relationship only held within Asians (*r* = 0.50, *P* = 0.002) and not within American (*r* = 0.23, *P* = 0.199).](nsaa078f7){#f7}

During outcome phase, there was a significantly positive P2-behavior correlation (*r* = 0.36, *P* = 0.003, [Fig. 7B](#f7){ref-type="fig"}) as well as a P3-behavior correlation (*r* = 0.52, *P* \< 0.001, [Fig. 7C](#f7){ref-type="fig"}), suggesting that the greater the neural responses to the worst than the best loss, the greater the tendency for loss minimization. Similarly, there was a significant P3-behavior (*r* = 0.36, *P* = 0.003, 7D) but not P2-behavior correlation (*r* = −0.02, *P* = 0.858), suggesting that the greater the P3 response to the worst than the best gain, the greater the tendency for gain maximization. These significant correlations between the ERP magnitudes and choice strategies further emphasize the functional significance of the ERP signals in explaining behavior.

Discussion {#sec15}
==========

Recent advances in cultural psychology suggest that culture plays an important role in shaping one's cognitive processes that were once believed to be invariant across all humans ([@ref33]; [@ref32]; [@ref25]; [@ref7]; [@ref50]). Some evidence suggests cultural modulations in risky decision making, showing a greater risk-taking tendency in the Eastern compared to the Western culture ([@ref3]; [@ref53]; [@ref14]; [@ref27]). However, these prior findings require additional support with further investigations clarifying the specific mental processes that contribute to these cultural variations. To address these remaining gaps, we investigated the choice patterns and ERPs during a risky gambling task in East Asians and European Americans.

In the behavioral analysis, we found significantly greater loss minimization in Americans than Asians. This suggests that the characteristic behavioral tendency of loss aversion ([@ref49]) is more pronounced in Americans. Indeed, one prior study demonstrated greater loss aversion in individualistic cultures ([@ref52]), which was interpreted to be in line with the 'cushion hypothesis', as it predicts greater risk aversion in individualistic cultures. Additionally, they speculated that the cultural difference in loss aversion stems from variations in emotional processing ([@ref24]; [@ref29]), based on the association between negative emotions and loss aversion ([@ref10]; [@ref45]) and the fact that Westerners consider negative emotions to be less socially acceptable and as a personal failure ([@ref15]), as opposed to Asians who acknowledge both positive and negative emotions to be mixed in life ([@ref52]).

Cultural difference was also found in the Gambling Related Cognition Scale ([@ref39]), which is a self-report measure of attitudes toward gambling. In line with the cushion hypothesis, Asians demonstrated greater pro-gambling cognitive tendencies. This suggests that cultural influence on risk taking is evident not only in implicit choice tendencies during risky gambling task, but also in an explicit self-report about risk-taking behaviors such as gambling.

As a way of uncovering the mental processes that lead to the differences in behavior, cultural modulations of ERPs were examined in two dimensions. First, we assessed how culture shapes ERPs in the pre-decisional cue phase and in the post-decisional outcome phase. Second, we assessed how culture shapes automatic emotional arousal reflected by the P2 and effortful attentional allocation reflected by the P3.

During the cue phase, both the P2 and P3 were modulated by the probability information, although the modulation of P2 reflected the degree of uncertainty and the modulation of P3 reflected the degree of the likelihood of winning, replicating our previous work ([@ref5]). Importantly, these modulatory effects of probability cues did not interact with culture, providing no evidence that culture shapes the underlying cognitive processes during the pre-decisional stage.

During the outcome phase, we found a general pattern of greater ERP responses in the worst than the best outcomes, replicating the previous findings ([@ref40]). ERPs in response to the outcomes reflect the amount of cognitive effort involved in updating the prior beliefs, or the internal model about the decision environment, after experiencing the outcomes ([@ref40]). Several studies suggest that ERPs time-locked to choice outcomes, particularly the P3, reflects this revision of internal model or the updating of the context ([@ref12]; [@ref13]). More recent studies propose that P3 reflects the learning signal from the phasic locus coeruleus--norepinephrine activity ([@ref2]), involved in context updating ([@ref30], [@ref31]). The ERP contrast between the worst and best outcomes may thus reflect the difference in the amount of effort in context updating and this contrast in gain and loss outcomes will represent the neural sensitivities to gains and losses, respectively. Central to our hypotheses were the significant cultural modulations on neural sensitivity to gains and losses. Compared with Asians, Americans showed a greater P3 sensitivity to losses and compared with Americans, Asians showed a greater P2 sensitivity to gains. These results thus can be interpreted as Americans being more attentionally engaged by the loss outcomes and Asians being more emotionally aroused by the gain outcomes, which may be the underlying mental processes that contribute to differences in behavior whereby Americans compared with Asians showed greater loss minimization.

Based on the binary nature of choice in our task, it is also possible that the ERPs during outcome phase may reflect counterfactual emotions such as regret with the worst outcome and relief with the best outcome ([@ref9]; [@ref18]). However, our study does not allow us to clearly characterize these counterfactual emotions as we did not directly assess participant's emotional experience to the outcomes. Future studies with more proper experimental design for assessing emotional experiences should investigate this question.

Our ERP findings extend and refine the current theories of cultural modulations on decision making by providing the underlying neurocognitive mechanisms. First, our results provide additional support to the idea that culture can influence even the basic cognitive processes such as decision making, by providing neural evidence that demonstrates the relative invariance during the pre-decisional evaluation of options but a strong culture-dependent variation during the post-decisional evaluation of outcomes.

Secondly, our results provide support for a new interpretation of the cushion hypothesis, which focuses on the characteristics of the individualistic cultures. According to the cushion hypothesis, the Asian collectivistic culture allows seeking financial help from others. This is less acceptable in the Western individualistic culture, which values self-reliance that promotes facing one's own life struggles and building strength to resolve them independently ([@ref47]). In line with this idea, the greater sensitivity in losses at P3 but not P2 in Americans may indicate that their processing of losses was enhanced deliberately at the level of effortful attentional allocation and not spontaneously at the level of emotional arousal, as part of an explicit effort to face and resolve the negative outcome in a self-reliant manner.

Lastly, our results provide opportunities to revisit the 'cushion hypothesis', which focuses on the collectivistic nature of Asian cultures. According to this hypothesis, Asians take a greater risk based on the reasoning that there exists a tight social network to help them in case of negative financial outcomes, which implies an explicit, conscious-level thought process rather than an automatic arousal process. In our data, cultural differences in sensitivity to gains appeared at a relatively earlier level of processing at P2, reflecting spontaneous and automatic emotional arousal, but not at P3 reflecting effortful conscious-level processing. Thus, the enhanced sensitivity to gains in Asians in our study, as well their greater risk-taking tendencies observed in other studies, could be driven by cultural influence that pervades at a more inherent and primitive level than what the cushion hypothesis assumes. P2 magnitudes have been implicated in predicting individual differences in emotional arousal level due to personality traits or psychiatric conditions ([@ref16]; [@ref1]) and some studies have also shown cross-cultural differences in P2 magnitude in response to emotional stimuli ([@ref21]). These finding provide support for the idea that this ERP indicator of early arousal can reflect inherent differences in mental process shaped by the culture.

In summary, the current study demonstrates cultural modulations in economic decision making presented as a pronounced loss aversion in Americans compared to Asians, which was reflected in the ERPs during the evaluation of decision outcomes. In particular, Americans were deliberately more sensitive to the losing outcome, as suggested by their attentional allocation to losses, which may relate to making a conscious effort to be self-reliant in case of financial losses. In contrast, Asians were spontaneously more sensitive to the winning outcome, as suggested by their automatic emotional arousal to gains, an effect that cannot be explained solely in terms the cushion hypothesis. Together these findings advance our understanding about how culture influences the mental processes involved in economic decision making.
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The following seven different probabilities were shown during the cue phase: 0.05, 0.20, 0.35, 0.50, 0.65, 0.80 and 0.95. The number of trials for each probability was distributed as follows: 0.05: 50 trials; 0.20: 50 trials; 0.35: 100 trials; 0.50: 100 trials; 0.65: 100 trials; 0.80: 50 trials; and 0.95: 50 trials..

The threshold for bonus credit was determined based on the expected value of the gamble considering the optimal strategy in choice (i.e. bet '8' with \[*P* (win) \> 0.5\] and to bet '2' with \[*P* (win) \< 0.5\]) across all trials We set the threshold reward point to be 60% of this expected value under the optimal strategy, which was 400 points.
